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Examiners (NBME), developed the ﬁrst standardized in-training examination (ITE) for cardiovascular disease fellows-
in-training (FITs). In addition to testing knowledge, this examination uses the newly developed ACC Curricular Milestones
to provide speciﬁc, competency-based feedback to program directors and FITs. The ACC ITE has been administered
more than 5,000 times since 2011.
OBJECTIVES This analysis sought to report the initial experience with the ITE, including feasibility and reliability of test
development and implementation, as well as the ability of this process to provide useful feedback in key content areas.
METHODS The annual ACC ITE has been available to cardiovascular disease fellowship programs in the United States
since 2011. Questions for this Web-based, secure, multiple-choice examination were developed by a group of cardio-
vascular disease specialists and each question was analyzed by the NBME to ensure quality. Scores were equated and
standardized to allow for comparability. Trainees and program directors were provided detailed feedback, including a list
of the curricular competencies tested by those questions answered incorrectly.
RESULTS The ITE was administered 5,118 times. In 2013, the examination was taken by 1,969 fellows, representing 194
training programs. Among the 3 training years, there was consistency in the examination scores. Total test scores and
scores within each of the content areas increased with each FIT year (there was a statistically signiﬁcant difference in each
cohort’s average scale score across administration years). There was also signiﬁcant improvement in examination scores
across the fellowship years.
CONCLUSIONS The ACC ITE is a powerful tool available to all training programs to assess medical knowledge.
This examination also delivers robust and timely feedback addressing individual knowledge gaps, and thus, may serve
as a basis for improving training curricula. (J Am Coll Cardiol 2015;65:1218–28) © 2015 by the American College of
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1219Medicine training programs have incorporated a na-
tional ITE since 1988 (3). In recent years, medicine
subspecialties, such as nephrology (4) and oncology
(5), have developed computer-based ITEs in associa-
tion with the National Board of Medical Examiners
(NBME).TABLE 1 American College of Cardiology
In-Training Examination Blueprint
Medical Content Category Relative Percentage
Arrhythmias 12.0
Coronary artery disease 12.5
Acute coronary syndromes 12.0
Valvular disorders 12.0
Congenital disorders 7.0
Pericardial disease 3.0
Aorta/peripheral vascular disease 9.0
Hypertension/Pulmonary disorders 7.0
Pharmacology 5.0
Congestive heart failure 13.0
Physiology/biochemistry 6.0
Miscellaneous 1.5
SEE PAGE 1229
ACGME = Accreditation
Council for Graduate
Medical Education
FIT = fellow-in-training
ITE = in-training examination
NBME = National Board of
Medical ExaminersIn 2011, the American College of Cardiology (ACC)
developed and implemented the ﬁrst standardized
ITE for cardiology fellows-in-training (FITs). This
secure examination is executed by the NBME and
serves as a benchmark for trainees as they progress
through training and prepare for the American
Board of Internal Medicine (ABIM) certiﬁcation ex-
amination. The goal of the cardiology ITE, like most
ITEs, is to assess trainee medical knowledge
through multiple-choice questions in the content
areas speciﬁed by the ABIM. Moreover, the ACC ITE
incorporates a unique feedback process whereby
each examination question is tagged to the recently
developed, competency-based ACC Curricular Mile-
stones. Thus, after examination completion, pro-
gram directors and FITs receive information that
identiﬁes knowledge gaps and areas in need of
further curricular emphasis. During the past 3 years,
the ITE has become the standard in-training exam-
ination in adult cardiology fellowship programs
across the United States. This paper offers an anal-
ysis of the data accrued thus far, and outlines future
directions for the ITE examination.
METHODS
The cardiology ITE was developed by a test-writing
committee consisting of a chair and 11 members
(Online Appendix). Eight members of the test writing
committee were fellowship training program di-
rectors and all committee members underwent
instructional training for test question writing pro-
vided by the NBME. Questions were developed spe-
ciﬁcally for this examination and were reviewed in
face-to-face committee meetings. Each question was
designed to begin with a clinical stem and incorporate
a single-best-answer, multiple-choice format. Many
questions were accompanied by high-resolution still
or video images. The NBME editors and psychome-
tricians analyzed all questions for structure, content,
and statistical performance.
The ITE was designed to assess the knowledge of
general cardiovascular disease FITs. Each year’s ex-
amination consisted of 150 questions, separated into
5 equal sections of 30 questions apiece. FITs were
allotted 1 h per session, with breaks after eachsession. The examination blueprint mirrors
the ABIM certifying cardiovascular disease
examination in terms of the percent of
questions dedicated to each content area
(Table 1).
The ACC provides information to cardiol-
ogy fellowship training program directors and
coordinators regarding the ITE via an internet
listserv and FITs are registered for the ex-
amination online. The examinations are
scheduled on 2 consecutive days in October,
with a makeup date 1 week later. FITs take
the examinations online via a secure website
provided by the NBME. Neither test takers nor pro-
gram directors are allowed access to the questions
after the examination.
The goal of the ITE is to test medical knowledge
across the six core ACGME competencies (1,2). Each
examination question is linked to an ACC Curricular
Milestone (6), which allows for direct feedback to
fellows and program directors. Thus, after the ex-
amination responses are scored, fellows receive a
detailed assessment of scores along with a list of
curricular milestones associated with core clinical
diagnoses (Figure 1) for each question answered
incorrectly, with the objective of providing insight
into knowledge gaps. In addition, each FIT receives
an analysis of his or her own performance on the
total test, represented by a score for the proportion
of the 150 test questions answered correctly. FITs
additionally receive scores for the proportion of
items answered correctly in each of the major con-
tent areas, as well as the mean proportion answered
correctly in each area by fellows in each year of
training.
FIT scores are equated using Item Response Theory
(7) and are placed on a standardized score scale set
FIGURE 1 Examination Feedback Data Provided to Fellows and Program Directors
(A) Fellows receive a total score for the examination, including the percent of questions answered correctly, a percentile rank, and a scale score. In addition,
speciﬁc scores in American Board of Internal Medicine content areas are provided. (B) Individual scores for each section, along with mean and standard
deviation for fellowship year, are provided to fellows and training directors. (C) Fellows and program directors receive a list of American College of
Cardiology (ACC) Curricular Milestones and diagnoses for each question answered incorrectly, thereby identifying knowledge gaps. CS ¼ competency
statement; D ¼ diagnosis.
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FIGURE 1 Continued
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1221to a mean of 500 points and a standard deviation
of 100 points. Equating allows for comparability
in scale scores across each fellow year (ﬁrst, second,
and third) within a testing year, and across testing
years. Thus, these processes allow for comparison
across fellowship years and provide a measureof improvement during training. FITs are able to
compare their individual performance with peers
nationally by using the provided percentile ranks
(for comparison within fellow year) and the equated
scale scores (for comparisons across administrations
of the test).
FIGURE 1 Continued
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TABLE 2 In-Training Examination Fellow Participants
Administration Year Fellowship Year Number of Exam Takers
2011 First 353
Second 453
Third 513
Total* 1,337
2012 First 482
Second 636
Third 614
Total* 1,751
2013 First 541
Second 742
Third 686
Total* 2,030
*Totals include individuals who reported a fellow year other than ﬁrst, second,
or third.
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1223Program directors are provided with summary
reports outlining overall FIT performance within an
individual training program and across the country
in each content area (with the FITs divided by
fellowship year). Each program is provided with a
histogram representing the distribution of mean
percent correct scores across all programs. Program
directors are provided with a breakdown of the indi-
vidual performances of each of their individual FITs,
the same performance data provided to the fellows
themselves, including scale score, an overall percent
correct score, and scores within each of the major
content areas.
RESULTS
The ITE was administered to 3,388 FITs over a
3-year period with a total of 5,118 examination
administrations (Table 2). The ITE was given to
1,319 FITs in 127 cardiology fellowship training
programs in the ﬁrst examination year (2011), to
1,732 FITs in 165 programs in the second year (2012),
and to 1,969 FITs in 194 programs in the third year
(2013). All training programs that participated inTABLE 3 In-Training Examination Statistics
Year Reliability (a) SEM* Average Item Difﬁculty  SD†
2011 0.73 53 0.62  0.23
2012 0.81 51 0.65  0.20
2013 0.80 51 0.62  0.21
*Standard error of measurement (SEM) on the basis of the Reference Group and
the reported score scale. †Item difﬁculty with SD on the basis of p values for
administered items for the Reference Group.the initial 2 examinations participated in the third
examination.
The ITE maintained comparable reliability during
the 3 administration years, and had a reliability
coefﬁcient (alpha) of between 0.73 and 0.81 each year
(Table 3) (8). The standard error of measurement,
indicating the degree of precision in scores, ﬂuctu-
ated between 51 and 53 points across administrations,
thereby indicating that if an individual were to retest
on the same content, his or her expected score would
be within approximately 53 scale score points of their
original score.
A comparison of the means and standard de-
viations in scale scores across administrations and
fellow years is provided (Figure 2). There was con-
sistency in the examination scores between the 3
training years, with ﬁrst-year fellows scoring simi-
larly on each examination administration, with in-
cremental improvement in average scores with
additional years of fellowship training. Summary
plots of training program and individual examinee
performance are shown (Figures 3 and 4).
FIT scores tended to increase on the basis of total
test performance and performance within the major
content areas as trainees moved through the training
years. This is reﬂected in a statistically signiﬁcant
difference in each cohort’s average scale score across
administration years (Table 4). For example, second-
year fellows in 2012 scored higher, on average, than
ﬁrst-year fellows did the year prior. Although there
is not complete fellow overlap across years (that is,
not all second-year FITs took the examination dur-
ing their ﬁrst year), the trend among those who
took the ITE during consecutive training years is
toward a higher score with more advanced training.
There was an incremental and statistically signiﬁ-
cant improvement in examination scores across
the fellowship years, indicating that within each
administration, fellows with more advanced training
scored higher. Second-year and third-year FIT
performance increased signiﬁcantly across adminis-
trations on the basis of 1-way analysis of variance
(F[2,1316 ¼ 114.56], F[2,1729 ¼ 218.78], F[2,1966 ¼
221.37], p < 0.05).
DISCUSSION
The ACC’s cardiology ITE has become an important
part of fellowship training (Central Illustration).
The ITE assists in assessing fellow knowledge and
allows training programs to adjust curriculum to
address speciﬁc content areas. As shown in this
analysis, the examination is robust in its ability to
discern beginner knowledge compared with that of
FIGURE 2 In-Training Examination Scale Scores
800
700
600
500
400
300
200
2011
First-Year Fellows Second-Year Fellows Third-Year Fellows
534
569
511
416
578
524
437
496
428
Administration Year
ACC In-Training Exam - Performance Across Administrations
Sc
al
e 
Sc
or
e
2012 2013
Scoring data  SD divided by fellowship year (2011 to 2013).
Kuvin et al. J A C C V O L . 6 5 , N O . 1 2 , 2 0 1 5
Cardiovascular In-Training Examination M A R C H 3 1 , 2 0 1 5 : 1 2 1 8 – 2 8
1224the advanced trainee. This type of knowledge
assessment is key to allowing the trainee to focus on
speciﬁc topics that are underdeveloped, and perhaps,
under-recognized. Providing FITs with timely feed-
back on knowledge deﬁcits allows the development
of remediation plans during training, instead of
discovering these knowledge deﬁcits years later, and
should help in preparation for the ABIM certifying
examination. An ACC survey of cardiology training
programs indicates that training directors are now
using the results of the ITE to provide individualized
counseling to fellows and to further develop training
curricula (personal communication from JuliaTABLE 4 Cohort Score Changes Across Fellowship Years
Groups Compared Number of Fellows
2011 ﬁrst-year and 2012 second-year fellows 288
2011 second-year and 2012 third-year fellows 402
2012 second-year fellows and 2013 third-year fellows 536
2012 ﬁrst-year fellows and 2013 second-year fellows 403
Mean differences are signiﬁcant on the basis of the results from Fisher’s least signiﬁcan
df ¼ degrees of freedom.Bainbridge, American College of Cardiology, October
1, 2014). Future data will help determine whether
scores on the ITE correlate with ABIM certifying ex-
amination scores. In years past, some training pro-
grams developed unique in-training modules to
assess trainees. Now, there is a national, secure ex-
amination that allows trainees and programs to
assess an individual fellow’s knowledge and provide
comparison with trainees from around the country.
The high number of repeating examinees and pro-
grams indicate that the ITE is a useful tool and is
relevant to today’s training needs.
The ACC ITE provides a unique assessment tool for
cardiology trainees and programs. The examination is
linked to the newly developed ACC Curricular Mile-
stones and provides valuable information about spe-
ciﬁc areas in need of further education and training.
Each question is tagged to a speciﬁc competency
statement within the curricular milestones and is
designed to direct the examinee to content areas
related to questions answered incorrectly. In addi-
tion, the examination was built on the ABIM cardio-
vascular medicine examination blueprint, with
special emphasis on the 6 core competency areas.
Thus, in addition to assisting in preparation for the
ABIM certifying examination, the ITE provides fel-
lows with the opportunity to identify areas of
strength and weakness and to compare themselves to
their peers across the country. On a national level,
data derived from the ITE will also engender
competency-based training by providing a broad un-
derstanding of the educational gaps of cardiology
fellows.
The 3-year data presented indicate that the test
is reliable and robust, as demonstrated by the statis-
tically signiﬁcant improvement in scores as FITs
progress through training. This pattern is to be ex-
pected on several fronts. First, feedback received by
ﬁrst-year fellows allows them to better prepare for
the second and third years of cardiovascular train-
ing. Second, training experiences and curricular
knowledge increase commensurate with fellowship
level.Year 1
(mean  SD)
Year 2
(mean  SD) t (df) Signiﬁcance
426.31  94.03 519.26  123.58 —18.27 (287) p < 0.01
493.88  100.66 576.62  126.541 —19.15 (401) p < 0.01
514.61  123.78 584.91  120.35 —19.54 (535) p < 0.01
418.28  112.10 534.98  117.99 —26.32 (401) p < 0.01
t difference test.
FIGURE 3 Training Program Mean Percent Correct Scores
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1225STUDY LIMITATIONS. There are limitations noted in
the ITE experience thus far. Approximately 20% of
questions are repeated across examination forms to
allow for equating scores across administration
years, and as such, it is possible that fellows may
improve their score due to familiarity with previ-
ously viewed questions. Although the number of
questions available for reuse across years is limiteddue to the ITE having only been in existence for 3
years, we expect this to change in ensuing years
with the development of additional questions.
Another limitation of the examination is the lack of a
deﬁned section dedicated to electrocardiograms and
images. The test-writing committee, along with the
NBME, is now working to develop new modules
to better mirror the present-day ABIM certifying
FIGURE 4 Examinee Mean Percent Correct Scores
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additional ITEs in the subspecialty areas of cardio-
vascular medicine, including electrophysiology,
heart failure, interventional cardiology, and adult
congenital heart disease. The ITE has been used in a
few countries outside the United States. In future
years, further international penetration of the ITE
appears warranted. Finally, after a few more years of
data are accrued, ACC ITE data will be compared to
ABIM certiﬁcation examination data. This will helpidentify trainees at risk for failing the ABIM exami-
nation and provide further guidance to program di-
rectors and fellows.
CONCLUSIONS
The ACC ITE, developed in conjunction with the
NBME, tests medical knowledge of cardiology
fellows in content areas that mirror the blueprint
of the ABIM Cardiovascular Medicine certiﬁcation
CENTRAL ILLUSTRATION Cardiovascular In-Training Examination: Assessment of Competency in
Cardiovascular Fellowship Training
The In-Training Examination (ITE) is a competency-based tool designed to help trainees and fellowship programs deﬁne knowledge gaps and
track improvement during training. The ITE complements other assessment tools, including Accreditation Committee for Graduate Medical
Education (ACGME) Milestones, American College of Cardiology Foundation (ACCF) Curricular Milestones, Core Cardiovascular Training
Statement (COCATS), and licensure/certiﬁcation requirements.
PERSPECTIVES
COMPETENCIES IN MEDICAL KNOWLEDGE, PRACTICE-
BASEDLEARNING, AND IMPROVEMENT: The ACC ITE tool
assesses the medical knowledge of cardiovascular fellows-in-
training, identiﬁes knowledge gaps and provides competency-
based feedback addressing each of the 6 core competencies
deﬁned by the ACGME.
TRANSLATIONAL OUTLOOK: Additional work is needed
to identify test-related, trainee-related, and program-
related factors that correlate with subsequent passing of the
ABIM cardiovascular disease certifying examination or with
clinical competence, but further experience and analysis of
data from this examination will shed light on these
relationships.
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1227examination. The ITE is a robust method of testing
medical knowledge of cardiology FITs across years
of training and an invaluable tool for program
directors.
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